Normal hearing of young adults extends from 20 Hz to 20 kHz. At present it is not clear whether hearing of frequencies outside of this range is possible under certain circumstances [1] [2] [3] . The processing of acoustic stimuli in the brain can be investigated by magnetoencephalography (MEG) [4] [5] [6] , which measures the magnetic fields outside of the head due to neuronal currents. These magnetic fields are in the range of hundreds of fT to at most a few pT. These fields are more than a million times weaker than the earth magnetic field, and MEG systems are normally installed in magnetically shielded rooms (MSR). Furthermore all electronics or other equipment located besides the MEG needs to be optimized for non-magnetic operation. Any kind of magnetodynamic or electrodynamic loudspeaker to deliver sound or any magnetodynamic or electrodynamic microphone to measure sound pressure level (SPL) is not permissible. To combine MEG with quantified sound delivery needs specialized devices as will be described here. The goal is the detection of auditory evoked fields (AEF) from infra-and ultrasound (IS / US) stimuli. If no brain response is found detection limits should be given for IS and US AEFs. The design of biomagnetic phantoms mimicking brain sources by using a current flow in a conducting sphere has a long tradition [7] , but here we will introduce a phantom to simulate the activation centers of the auditory pathway. The MEG results shall be validated using the phantom.
Introduction
Normal hearing of young adults extends from 20 Hz to 20 kHz. At present it is not clear whether hearing of frequencies outside of this range is possible under certain circumstances [1] [2] [3] . The processing of acoustic stimuli in the brain can be investigated by magnetoencephalography (MEG) [4] [5] [6] , which measures the magnetic fields outside of the head due to neuronal currents. These magnetic fields are in the range of hundreds of fT to at most a few pT. These fields are more than a million times weaker than the earth magnetic field, and MEG systems are normally installed in magnetically shielded rooms (MSR). Furthermore all electronics or other equipment located besides the MEG needs to be optimized for non-magnetic operation. Any kind of magnetodynamic or electrodynamic loudspeaker to deliver sound or any magnetodynamic or electrodynamic microphone to measure sound pressure level (SPL) is not permissible. To combine MEG with quantified sound delivery needs specialized devices as will be described here. The goal is the detection of auditory evoked fields (AEF) from infra-and ultrasound (IS / US) stimuli. If no brain response is found detection limits should be given for IS and US AEFs. The design of biomagnetic phantoms mimicking brain sources by using a current flow in a conducting sphere has a long tradition [7] , but here we will introduce a phantom to simulate the activation centers of the auditory pathway. The MEG results shall be validated using the phantom.
Methods
The IS device consists of a low frequency speaker outside of the MSR connected to a tube leading into the MSR and delivering the sound to the ear using an ear piece. To monitor the SPL an optical microphone is used [8] , which does not interfere with the MEG as the microphone membrane movement is quantified with a light beam modulation technique, and all electronic components remain outside of the MSR. To deliver US to the ear a novel type of MEMS microphone [9] [10] will be used as transducer and microphone in a single housing resembling an in-ear headphone. The MEMS device is essentially a capacitive device with minimal current flow. The close proximity between device and MEG will not cause interference as was verified in a test of a prototype device. The frequency response of the device is not flat and suitable stimulation frequencies will be selected to account for this. A biomagnetic phantom to study brain currents consists of a sphere with a conducting saline solution. In the sphere the local current source is generated by the current flowing between the blank ends of two isolated wires about 5-10 mm apart [7] . Although this is a rather crude approximation of the physiological reality it was chosen here to study the separability of cortical and deep brain sources. Such a configuration is found in the auditory pathway.
Results and Discussion
The IS and US transducers and SPL monitoring systems are in the final stage of design, and individual components were acoustically characterized and tested successfully in the MEG. The biomagnetic phantom was measured in two different MEG systems, and cortical and deep sources could be easily localized, if only one of the sources was active. The separation of simultaneous deep and cortical activations is under investigation. Once the stimulation devices and the phantom characterization are in place a group of human subjects will be measured and the extracted brain activations will be compared to thresholds determined from the phantom. This should provide estimates for detection thresholds of AEFs in humans complementing behavioural measures. 
